Modulation of mouse RANKL gene expression by Runx2 and PKA pathway.
Runx2 regulates the target genes characteristic of osteoblastic phenotypes, while exerting diverse and sometimes controversial effects on osteoblastic cells depending on their differentiation stage. Receptor activator of nuclear factor-kappaB (RANK) ligand (RANKL) is a membrane bound cytokine essential for osteo(chondro)clastogenesis. During endochondral ossification, while Runx2-positive hypertrophic chondrocytes express RANKL, the steady-state expression of the RANKL gene in osteoblastic cells is, at later stages, kept at a relatively low level to sustain the established bone. The aim of this study was to elucidate the mechanism whereby Runx2 and the protein kinase A (PKA) pathway modulate RANKL expression, especially from the viewpoint of their functions in RANKL basic promoter activity and in chromatin structural changes in osteoblastic/stromal cells. Osteoblastic/stromal cell lines derived from normal and Runx2-deficient mice were used to analyze endogenous RANKL gene expression by real-time reverse transcription (RT)-PCR, the acetylation status of the H3 and H4 histone proteins associated with the 5'-flanking region of the RANKL gene by chromatin immunoprecipitation, and the exogenously transfected RANKL gene promoter activity both in the steady-state and under PKA-activated conditions. Here, we demonstrate that Runx2 suppresses steady-state RANKL gene expression by condensing chromatin, while showing a slightly positive effect on RANKL basic promoter activity. Besides acting through the CRE-like region (-0.96 kb) of the RANKL gene promoter, forskolin (FK) treatment transactivates the RANKL gene by antagonizing the function of Runx2, by reducing Runx2 mRNA expression and by opening the chromatin conformation far upstream (more than 40 kb) of the RANKL gene.